As part of a larger study of the microscopical characteristics useful in diagnosing early stages of decay, an opportunity was created to compare the ability of light microscopy (LM) and scanning electron microscopy (SEM) to image these features. Although most features could be imaged by both technologies, imaging was much easier in the SEM because it was being used at the low end of its resolution and magnification capability while the LM was near the high end of its !imitations. One important feature which could not be imaged in SEM was the earliest attack on the cell walls, a feature which was visible under polarised light in the LM.
Introduction
Light microscopy and both transmission and scanning electron microscopy have all been used successfully to image features of decayed wood. Because of the difficulty of sampie preparation, transmission electron microscopy seldom is used for routine decay diagnosis. While both !ight microscopy (LM) and scanning electron microscopy (SEM) have been employed in diagnosis, apparently the strengths and weaknesses of these instruments for this purpose have not been compared.
In an earlier paper (Wilcox 1993) , the progression of microscopical changes observed in the earliest stages of brown rot wood decay were reported in the context of diagnosis of such decay. In that work, a variety of light microscopy techniques and scanning electron microscopy were utilised. That work provided a unique opportunity to compare the ability of the various imaging techniques to demonstrate the features diagnostic of brown rot decay. The prior paper documented the ability of microscopy to detect the early stages of decay. This paper compares the abilities of LM and SEM for such detection.
Materials and Methods
The images presented here were collected as part of the larger study (Wilcox 1993) where the materials and methods employed were discussed in detail. In summary, two woods were used, Douglas-fir [Pseudotsuga menziesii (Mirb.) Gilbertson and Ryvarden consider the name Postia illegitimate, as app!ied to fungi, both because it was not properly described by Fries as a genus name and because it was preempted by another taxon (Gilbertson & Ryvarden 1987; Ryvarden 1991) . Until consensus is reached among taxonomists, it seems prudent for users to follow the most recent terminology considered stable. In this case the nomenclature used in the most recently published version of the standard employed to produce the specimens was selected (ASTM 1992).
Wood blocks were decayed in a soil-block procedure (ASTM 1979) with groups of blocks removed from culture periodically. Several blocks from each group were conditioned and weighed to determine the average weight loss for the group. Other blocks were fresh-fixed in 3% glutaraldehyde (Wilcox & Brier 1987) , and either dehydrated by ethanol series and embedded in celloidin for thinsectioning (Wilcox 1964) in the case of light microscopy (LM), or microtome-polished or split, dehydrated by ethanol series and dried under vacuum and over desiccant from acetone, mounted on stubs and sputter-coated with gold in the case of scanning electron microscopy (SEM). Cross-sectional sampies for SEM were prepared from blocks embedded in celloidin for LM. The instruments used for this study were a Leitz Ortholux light microscope capable ofproviding brightfield, polarised, interference contrast and Hoffman Modulation Contrast optical systems and a Hitachi S2300 scanning electron microscope.
For the illustrations comparing SEM and LM images, no attempt has been made to provide exact correspondence in fungus, wood species or decay stage. Instead, the best illustration representative of each instrument and each feature previously identified as important in diagnosis is presented.
Results and Discussion
The progression of microscopical characteristics 4iagnostic of early stages of brown rot reported earlier (Wilcox 1993 ) began with hyphae visible in the celilumina, followed by loss of birefringence in the earlywood cell walls, progressive attack on both earlywood and latewood cell walls, increase in hyphal and bore hole diameter, and separation between cells. Comparison of the ability to image each of these features will be reviewed in that order.
The visibility of hyphae was equivalent between interference contrast or Hoffman Modulation Contrast LM and SEM (Fig. I) . More area can be viewed in SEM, but only the top 1/2-layer of cells which have been split open can be observed. With LM techniques that allow 'optical sectioning', several celllayers may be examined and non-planer IAWA Journal, Vol. 14 (3), 1993 hyphae can be followed. If optical sectioning is available, preparation of specimens for LM is easier because all that is needed is a radial, hand, razor-blade section. On the other hand, splitting, mounting, and sputter-coating -the methodology required for imaging hyphae in the SEM -also is relatively easy. Hyphae in the latewood were easy to see in LM and difficult to see in SEM, because thick-walled latewood cells split open less readily. However, hyphae were not numerous in latewood in early stages of decay (Wilcox 1993) .
The first evidence of attack on the wood cell walls was the loss of birefringence in patches in the earlywood (Fig. 2A) . This characteristic is most important because it was the first evidence of decay, whereas the presence of hyphae simply documents the presence of fungi. This feature was readily imaged under polarised light in LM, but specimen preparation is difficult, because fairly thin cross sections are necessary and they require skill, and often embedding, to obtain. There is no direct counterpart for this important characteristic in SEM. However, the shrinkage associated with vacuum drying made cell wall damage apparent in SEM preparations from sampie material analogous to that showing change in birefringence in LM (Fig.2B) .
The progression of attack on the wood cell walls was most readily visible in cross section and was imaged with equivalent ease by both LM and SEM (Fig. 3) . However, the SEM had the advantage that razor blade-or microtome-polished cross-sectional surfaces were easier to prepare than thin cross sections forLM.
The size of hyphae was easier to image and measure in SEM than in LM. The SEM was capable of c1earer focussing because it was functioning in the lower ranges of its resolution (Fig. 4) , while LM, especially when the hyphae were viewed through other layers of cell wall, was approaching the limits of resolution when imaging hyphae in the range of about 1.0 p.m in diameter (Fig. IA) .
Clamp connections, features diagnostic for decay fungi in wood, were easily viewed in either LM or SEM, but were much easier to photograph in SEM, because of the limits ofresolution discussed above (Figs. IA & 5) . Bore holes were best observed in radial aspect and were easily imaged in both instruments (Figs. lA & 6) . Serial bore holes (diagnostic for decay fungi in wood) were more easily imaged in LM (Fig. lA) because the image was not limite<! to a single plane of 1/2 cells as in the split surfaces of the SEM specimens.
Separation between cells was best viewed in cross section. It was possible to image this characteristic in both instruments, but it was easier to prepare cross-sectional surfaces for the SEM. Presence of residual embedding medium in the separated areas in the light microscope sampIes confirmed that separation occurred during the decay process. However, in non-embedded specimens it would be difficult to determine whether the separation occurred during sampIe preparation or before (Fig. 7 A) . The best images of separation between cells were obtained from oblique, low magnification, large surface-area images, which were produced only with the SEM (Fig.7B ).
Conc1usions
All but one of the features considered diagnostic for brown rot wood decay were easily observed with both light microscopy (LM) and scanning electron microscopy (SEM). The early loss of birefringence visible under polarised illumination in LM, important for determining the first cell wall damage caused by fungal enzymes, was not direcdy visible in SEM, but morphological changes associated with such damage were. On balance, ease of sampIe preparation is equivalent for the two systems. Photographing the features, especially small ones such as individual hyphae, bore holes and clamp connections, was significantly easier by SEM.
